One-photon mass-analyzed threshold ionization ͑MATI͒ spectra for the X 2 E 3/2 states of CH 3 I + and CD 3 I + were measured using vacuum ultraviolet radiation generated by four-wave mixing in Kr. Spin-orbit density functional theory calculations at the B3LYP/aug-cc-pVTZ level and spin-orbit/ Jahn-Teller calculations were made to aid vibrational assignment. Each vibrational band consisted of several peaks due to different ⌬K transitions, which could be assigned by using molecular parameters determined in the previous high resolution photodissociation spectroscopic study. Possibility of generating mass-selected, vibronically selected and K-selected ion beam with decent intensity by one-photon MATI was demonstrated. The ionization energies to the X 2 E 3/2 states of CH 3 I + and CD 3 I + corrected for the rotational contribution were 9.5386Ϯ 0.0006 and 9.5415Ϯ 0.0006 eV, respectively.
I. INTRODUCTION
Ionization of a gaseous neutral can be induced by photoexciting it to a high Rydberg state lying just below an ionic state and applying a pulsed electric field ͑pulsed field ionization͒. Detecting the electrons and ions thus generated as a function of the excitation wavelength are called zero kinetic energy photoelectron [1] [2] [3] ͑ZEKE͒ and mass-analyzed threshold ionization [4] [5] [6] ͑MATI͒ spectrometries, respectively. Even though both of these techniques are useful to record molecular ion spectra, ZEKE has been more widely used because of its better resolution than MATI. However, MATI assures that a spectroscopic signal originates from the ionic species selected for study. For example, spectroscopic signals originating from different isotopomers can be readily distinguished and separately recorded by MATI. 4 A more important advantage of MATI is in the generation of state-selected molecular ions, which can be useful in the subsequent spectroscopic and dynamic studies. [7] [8] [9] Since the ionization energies of common molecules are 8-12 eV ͑155-103 nm͒ while the largest photon energy available from commercial dye lasers is around 6.2 eV ͑200 nm͒, excitation to a high Rydberg state in ZEKE/MATI is usually achieved by two-or three-photon absorption, two color-two photon ͑1+1Ј͒ scheme being most popular. 7, [10] [11] [12] An important advantage of this 1 + 1Ј scheme is the capability to restrict and control the ionic rovibrational state by selecting the neutral intermediate state through the resonance absorption in the first step. 10 Obviously, this scheme cannot be used when the intermediate excited state lies above the photon energy covered by commercial dye lasers, which is the case for most molecules. Even though one may adopt 2 +1Ј scheme to handle such cases, 7, 12 need to use a high intensity laser for the first nonresonant step often causes various complications. The facts that detailed spectral information is not available for many excited electronic states and that many of them are dissociative 11 are another difficulties in the use of the multiphoton scheme for ZEKE/MATI.
Most of the above difficulties can be avoided in onephoton scheme using tunable vacuum ultraviolet ͑vuv͒ radiation. vuv from synchrotron radiation and those generated by nonlinear optics have been used for this purpose. 13, 14 For example, this laboratory has utilized vuv generated by fourwave mixing in Kr and Hg to record MATI spectra. 15, 16 High intensity of vuv beam and use of a scrambling field to increase the ZEKE state lifetime resulted in high sensitivity spectra for the ground and excited electronic states of various molecular ions, even though the resolution ͑around 10 cm −1 ͒ of the MATI spectra thus obtained was much poorer than the state-of-the-art ZEKE ͑around 0.1 cm −1 ͒. Poor resolution of the technique and inability to incorporate the state selection step as practiced in multiphoton schemes led us to use onephoton MATI as a technique for vibrational spectroscopy of molecular ions and for generation of a vibronic state-selected molecular ion beam. Ng and co-workers reported rovibrational selection in vuv-ZEKE by exciting a ground state neutral with an infrared laser, which should be regarded as a state selection by two-photon scheme. 17, 18 Since methyl halides are industrially and environmentally important molecules, much work has been done on the spectroscopy and photochemistry of these molecules. [19] [20] [21] Among the corresponding cations, CH 3 I + has attracted particular attention since the first high resolution photodissociation spectrum was reported by McGilvery and Morrison. 22 Theoretically, its ground electronic state ͑X 2 E͒ is a prototype system in which very strong spin-orbit interaction is expected to quench the Jahn-Teller interaction. [23] [24] [25] Recently, we succeeded to record a high quality spectrum for the a͒ Author to whom correspondence should be addressed. Electronic mail: myungsoo@snu.ac.kr.
+ by photodissociation ͑PD͒ of the cation generated by MATI, or MATI-PD. 26 Due to the preferential selection of the ground vibronic state by MATI, hardly any spurious background signal, which contaminated the resonance enhanced multiphoton ionization photodissociation ͑REMPI-PD͒ spectrum reported by Walter et al., 27 appeared in the MATI-PD spectrum. By using a single mode PD laser, a spectrum with good separation between rotational lines could be recorded. Interestingly, spectral analysis showed that the cations forming the 0-0 band of the MATI spectrum, which was irradiated for MATI-PD, were populated only in three rotational K ͑signed͒ quantum states, viz., K = 0, 1, and 2, suggesting that K selection was partially achieved by MATI. 26 As an effort to further investigate the above phenomenon, we recorded one-photon MATI spectra for CH 3 I + and CD 3 I + in the X 2 E 3/2 state, which is the lower spin-orbit component of the ground electronic state. The MATI spectra showed many rovibrational transitions which had not been noticed in the two-and three-photon ZEKE studies by Bondybey and co-workers 11, 28, 29 and in the IR-vuv ZEKE study by Wang et al. 18 reported previously. The rovibrational analysis of the spectra, even though not complete, and the possibility of partial rovibrational selection by MATI will be presented in this paper.
II. EXPERIMENTAL
CH 3 I and CD 3 I were purchased from Sigma Aldrich and used without further purification. The MATI spectrometer and the experimental procedure were essentially the same as reported previously. 15 The gaseous sample at ambient temperature was seeded in Ar at the stagnation pressure of 2 atm and expanded supersonically through a pulsed nozzle ͑diam-eter of 500 m, General Valve, Fairfield, NJ͒. The supersonic beam was then introduced to the ionization chamber through a skimmer ͑diameter of 2 mm, Beam Dynamics, San Carlos, CA͒ and collinearly overlapped with the pulsed vuv radiation generated by four-wave difference frequency mixing in Kr. Weak spoil field was applied to remove the directly produced ions. Electric field of 250-300 V / cm was applied at some delay time ͑15-20 s͒ after the vuv pulse to ionize the highly excited neutrals. Scrambling field was applied to lengthen the lifetime of the excited neutrals. Photoelectric current from a thin gold plate placed in the vuv beam path was used to calibrate the vuv intensity. A wavemeter ͑Wave-length Meter WS/5, HighFineness, Tübingen, Germany͒ with 0.1 cm −1 accuracy was used for wavelength calibration.
III. COMPUTATIONAL
Quantum chemical calculations. These were done with NWCHEM ͑Ref. 30͒ for the CH 3 I neutral and cation in the ground electronic state at the density functional theory level without ͑DFT͒ and with spin-orbit operators ͑SODFT͒ using the B3LYP functional and several triple-zeta basis sets. Since the basis set dependence of the results was insignificant, only those obtained with B3LYP/aug-cc-pVTZ will be presented. For the iodine atom, the relativistic effective core potentials ͑RECPs͒ with the effective spin-orbit potential and the basis set for the valence shell reported by LaJohn et al. were used. 31 To observe the influence of the spin-orbit terms, all the calculations were done with and without the spin-orbit potentials but using the same RECP. The step size in the calculation of the numerical Hessian was optimized to obtain reliable vibrational frequencies. Equilibrium geometries, vibrational frequencies, and normal mode eigenvectors of the neutral and the cation were calculated.
Spin-orbit/Jahn-Teller calculations. Vibronic energy levels with one or more quanta in a degenerate vibration were calculated in the presence of the spin-orbit and Jahn-Teller interactions using the SOCJT program 32 developed by Barckholtz and Miller. The size of the basis set was increased until the size dependence became insignificant. of the spin-orbit effect ͑DFT͒, symmetry lowering to C s due to Jahn-Teller instability occurred, as had been reported previously. 11, 33 The ground electronic state of the cation under this condition was X 2 AЉ. With the inclusion of the spinorbit potentials in SODFT, the symmetry of the equilibrium geometry became C 3v . As can be seen in Table I , the neutral and cation geometries optimized by SODFT are similar, the largest difference being the decrease of ЄICH by 2.1°upon ionization. This is expected because the orbital losing an electron upon ionization, 2e, is virtually nonbonding. The result suggests that the MATI spectrum would be dominated by the 0-0 band and other fundamentals would be weak.
IV. RESULTS AND DISCUSSION

A. Calculated results
Quantum
CH 3 I has six vibrational modes, 1 -3 belonging to a 1 symmetry and 4 -6 to e. 1 -6 are symmetric C-H stretching, hydrogen umbrella motion, C-I stretching, asymmetric C-H stretching, scissoring, and CH 3 rocking vibrations, respectively. Vibrational frequencies of the neutral and cation in the ground electronic state calculated by DFT and SODFT are listed in Table II . As for the equilibrium geometry, influence of the spin-orbit potentials on vibrational frequencies is negligible for the neutral. In contrast, 4 -6 modes of the cations which split into aЈ and aЉ vibrations in DFT become degenerate again in SODFT. Because the largest geometrical change upon ionization observed in SODFT was in ЄICH, one expects that 2 1 fundamental is more prominent than others in the MATI spectrum.
Spin-orbit/Jahn-Teller. When both the spin-orbit and Jahn-Teller interactions are present, a vibrational state ͑e n ͒ with one or more quanta in a degenerate vibrational mode͑s͒ may split in a very complicated way. Vibrational splittings in the first excited states, Ã 2 E, of metallic monomethyl radicals ͑MCH 3 , M = Mg, Ca, Zn, and Cd͒ and those in the ground electronic states, X 2 E, of a family of methoxy radicals are such examples. 32, 34, 35 It has been traditional to treat splitting of a vibrational level into vibronic sublevels due to the JahnTeller interaction first, then further splitting and variation of these sublevels due to the spin-orbit interaction thereafter. 32 When the spin-orbit interaction dominates the Jahn-Teller interaction, a spin-vibronic picture rather than the above vibronic one would be more appropriate to describe the situation. According to Barckholtz and Miller, 32 an e 1 level splits into two e 1/2 spin-vibronic levels correlating to e and a 1 + a 2 vibronic levels and e 2 into e 1/2 , e 3/2 , and e 1/2 levels correlating to a 1 + a 2 , e, and e levels, respectively, assuming negative spin-orbit coupling constant. However, even in the case of CdCH 3 , 34 in which the spin-orbit coupling constant ͑about −1000 cm −1 ͒ is larger than the vibrational frequency of a degenerate mode, substantial splittings due to the JahnTeller interaction were observed. Since the spin-orbit coupling constant in the X 2 E state of CH 3 I + , about −5000 cm −1 , 11,23,24 is larger than that of CdCH 3 , the JahnTeller interaction is expected to be further quenched. Regardless, it seems to be necessary to have reasonable estimates on the influence of the Jahn-Teller interaction on the frequencies of e n levels for reliable assignments. Chau and co-workers recorded a high quality photoelectron spectrum of CH 3 I and obtained the linear Jahn-Teller coupling constants ͑D͒ of 0.0005 and 0.0418 for 4 and 6 , respectively, by analyzing 4 1 and 6 1 intensities. 24, 25 The remaining degenerate fundamental, 5 1 , was not identified possibly because it overlapped with the much stronger 2 1 band. According to previous studies on metallic methyl and methoxy radicals, 32, 34 the Jahn-Teller interaction via 5 may not be as significant as that via 6 . Hence, we used the molecular parameters reported by Chau and Karlsson, 25 viz., D 6 of 0.0418, 6 frequency of 0.114 eV ͑919 cm −1 ͒, and the effective spin-orbit coupling constant ͑a͒ of −0.628 eV ͑−5065 cm −1 ͒, to calculate spin-vibronic energy levels with the SOCJT program. We found that the 6 1 level splits into two e 1/2 spin-vibronic levels at 902.1 and 907.2 cm −1 above the zero-point level and 6
2 into e 1/2 , e 3/2 , and e 1/2 levels at 1804.2, 1809.4, and 1814.4 cm −1 , respectively. Since the above splittings are comparable to or smaller than the spectral resolution in the present work, vibronic splittings may not be observed in the MATI spectrum. Also important is the fact that the average calculated frequency of 6 2 is twice that of 6 1 , which can be useful for identifying overtones. We expect a similar qualitative picture for the 5 mode also. 3 I neutral and cation in the ground electronic state calculated at the B3LYP/aug-cc-pVTZ level without ͑wo, DFT͒ and with ͑w, SODFT͒ the spin-orbit operators. Calculated under the same condition as in Table I .
Expt. 
B. One-photon MATI spectra and ionization energies
One-photon MATI spectra of CH 3 I and CD 3 I recorded by monitoring CH 3 I + and CD 3 I + generated in the ground electronic state are shown in Fig. 1 . The most intense peaks at around 76 926 cm −1 in Fig. 1͑a͒ and at 76 950 cm −1 in Fig.  1͑b͒ are the 0-0 bands in the formation of the cations in the ground electronic state. The ionization energies determined from the peak top positions after corrections for the electric field present inside the source are 9.5381Ϯ 0.0006 and 9.5412Ϯ 0.0006 eV for CH 3 I and CD 3 I, respectively. These are in excellent agreement with previous measurements. 18, 24, 28, 29, 36 The ionization energies after further correction of the rotational contribution ͑to be explained͒ are listed in Table III .
C. Vibrational assignment for the cation
Assuming that the shifts of all the vibrational peaks in the MATI spectrum due to the electric field inside the source be the same, the vibrational frequency of the cation corresponding to each peak can be estimated simply by taking the difference of its position from that of the 0-0 band. Since each 0-0 band in Fig. 1 consists of several peaks, the position of the most intense peak has been taken as the energy reference. Vibrational frequency scale with the origin at the peak top of each 0-0 band is shown in Fig. 1 . Vibrational frequencies measured from the one-photon MATI spectra are listed in Tables IV and V together with the mode assignments which will be presented below.
The vibrational selection rule in MATI is determined by the transition moment between the ground and Rydberg states of the neutral. Under the supersonic expansion condition, most of the neutrals are at the zero-point level of the ground electronic state, which is totally symmetric ͑a 1 ͒. Because one can always choose a Rydberg state with proper electronic symmetry such that the transition is electric dipole allowed, the selection rule is determined by the vibrational overlap integral between the ground and Rydberg states. 37 Hence, the generation of an a 1 ͑totally symmetric͒ fundamental is electric dipole allowed while that of an e ͑nonto-tally symmetric͒ fundamental is forbidden. However, it should be mentioned that e-type vibration can appear via vibronic mechanism because
As in the photoelectron spectra reported previously, 24 the 0-0 bands dominate the present MATI spectra, in agreement with the quantum chemical results. This is in contrast with the two-photon ZEKE spectra reported by Bondybey and co-workers 11, 28 in which very strong 3 n progression was observed. The fact that the intermediate state involved in twophoton ZEKE is dissociative along the 3 eigenvector must be responsible for the spectral difference as suggested by the above investigators.
Before proceeding further, the presence of several weak peaks in the vicinity of the 0-0 bands in Figs. 1͑a͒ and 1͑b͒ is to be noted. These are the peaks at −53, 45, 75, 104, and 133 cm −1 in Fig. 1͑a͒ and those at −46, 23, 38, 52, and 67 cm −1 in Fig. 1͑b͒ . It can be seen that other prominent peaks are also accompanied by satellite peaks. For example, the peaks at 480 cm −1 in Fig. 1͑a͒ is accompanied by the satellites at 417, 522, and 552 cm −1 which are separated from the main peak by −63, 42, and 72 cm −1 and the peak at 456 cm −1 in Fig. 1͑b͒ accompanied by the satellites at 401, 476, and 494 cm −1 . After the vibrational assignment was completed, some of them could be identified as hot band transitions. Namely, the satellites at −53 and 417 cm −1 in Fig. 1͑a͒ and those at −46 and 401 cm −1 in Fig. 1͑b͒ were found to be 3 1 ← 3 1 and 3 2 ← 3 1 hot bands, respectively. The remaining satellites were found to be the rotational bands belonging to the same vibronic transition as the respective main peaks, as will be explained later.
Vibrational assignment of the MATI spectrum was rather straightforward because most of the fundamentals except 5 1 appeared at nearly the same frequencies as in the previous ZEKE spectra. In the MATI spectrum ͓Fig. 1͑a͔͒ of CH 3 I + , the peaks at 480, 1257, and 2938 cm −1 were assigned to 3 1 , 2 1 , and 1 1 , respectively, in agreement with their positions at 478, 1254, and 2930 cm −1 in ZEKE. 28 As predicted from the quantum chemical results, 2 1 at 1257 cm −1 was the strongest among the fundamentals. Similarly, the peaks at 861 and 3043 cm −1 were assigned to the Jahn-Teller active fundamentals of 6 1 and 4 1 , respectively. In the previous twophoton ZEKE spectrum, 28 5 1 did not appear while 5 2 did at 2810 cm −1 . The prominent peak at 1399 cm −1 in the MATI spectrum must be due to 5 1 considering that it is close to 1405 cm −1 expected from the ZEKE result and to the SODFT prediction of 1419 cm −1 . Another criterion that we used in the assignment of the fundamentals of degenerate modes was the peak shape or the satellite pattern. As will become clear later, the rotational satellite peaks for all the nondegenerate vibrational bands, either the fundamentals or the overtones, are well separated from the respective main peaks and appear at similar relative positions regardless of the bands. In contrast, satellite peaks in degenerate vibrational bands are less separated and hence form patterns different from nondegenerate bands. We have suggested that the failure to identify 5 1 in the photoelectron spectrum 24 was possibly due to its overlap with 2 1 . We do not have an explanation why it was missing in the two-photon ZEKE spectrum. It is to be noted that all the degenerate fundamentals 4 1 , 5 1 , and 6 1 are more prominent than expected from the electric dipole-forbidden nature of their formation. The JahnTeller effect, even though not strong enough to result in significant vibronic splitting, must have been responsible for promoting dipole-forbidden but vibronically allowed transitions. Fundamental frequencies obtained by two-photon ZEKE, 28 SODFT, and MATI are summarized in Table IV . Excellent agreement among these results is to be noted.
It was also straightforward to assign overtones and combinations involving nondegenerate modes and a singly excited degenerate mode. The results are listed in Table IV. A particular attention was paid to the assignments of 3 n progression, which was the most prominent feature in the previous two-photon ZEKE spectrum. 3 2 could be readily assigned to the peak at 949 cm −1 , in agreement with 949.5 cm −1 in the two-photon ZEKE. Assuming monotonic decrease of 3 n frequency due to anharmonicity, 3 3 and 3 4 are expected at around 1407 and 1854 cm −1 , respectively. The peak at 1399 cm −1 , which has been assigned to 5 1 already, is too strong for assignment to 3 3 . It is likely that 3 3 is buried under the rotational structure of 5 1 . Similarly, the peak at 1871 cm −1 seems to be too distant from the expected position of 3 4 . This lead us to assign the latter peak to 3 1 5 1 ͑480+ 1399= 1879 cm −1 ͒ rather than 3 4 in the previous two-photon ZEKE work. Such an assignment is also consistent with the assignment for CD 3 the MATI spectrum of CD 3 I, even though their separations from the main peaks are less than in the CH 3 I case. Other peaks could be assigned in the same manner as before. The results are summarized in Table V .
D. Rotational analysis
We have shown in the previous subsection that almost all the main features in the MATI spectra of CH 3 I and CD 3 I can be adequately accounted for through vibrational assignment. Still, there remain features left unaccounted, viz., satellite peaks accompanying essentially all main peaks. We have indicated that these satellite peaks represent rotational transitions which are different from those occurring in the main peaks. This proposition will be verified by calculating the frequencies of rotational components and comparing them with experimental data. According to the usual assumption in ZEKE/MATI, the transition from the ground vibronic state of a neutral to a high n Rydberg state determines the spectral pattern.
Rotational selection rule. Several groups developed rotational selection rules applicable to ZEKE/MATI of polyatomic molecules. [38] [39] [40] [41] Müller-Dethlefs proposed the compound state model to treat the popular two-photon ZEKE scheme. 38 In this model, excitation to a high n Rydberg state was taken to occur in two steps, first from the ground state of a neutral to a low n Rydberg state, then to a high n Rydberg state. The overall selection rule was derived by taking into account the correlation between low n and high n Rydberg states. Insufficient information on Rydberg states is one of the difficulties in using this model. The spectator model proposed recently by Ford et al. is simpler and may be easier to use than the compound state model. 39 Here angular momentum change upon ionization is estimated from the orbital angular momentum carried by the ejected electron, which, in turn, is estimated from the difference in electron density between the neutral and cation obtained by quantum chemical calculation. We found it difficult to use the spectator model for the present systems because the model has not been developed yet to handle systems showing significant JahnTeller and spin-orbit interactions. Here we will be content with a qualitative description on MATI process based on symmetry selection rule. A brief summary of the symmetry selection rule for photoionization presented by Signorell and Merkt 40 is as follows. The general symmetry-based rovibronic selection rule for the transition from a neutral state to a Rydberg state is given by
Here ⌫ Ry is the irreducible representation for the Rydberg electron and ⌫ rve + and ⌫ rve are those for the rovibronic states of the ion core ͑or cation͒ and neutral, respectively. ⌫ * is the antisymmetric irreducible representation of the molecular symmetry group. Because the Rydberg electron is almost completely decoupled from the ion core, ⌫ Ry is given as follows:
⌫ Ry = ⌫ * for odd l.
͑3͒
Here l is the angular momentum of the Rydberg electron and ⌫ ͑s͒ is the totally symmetric irreducible representation. In the case of C 3v , ⌫ ͑s͒ = A 1 and ⌫ * = A 2 . In MATI of CH 3 I ͑and CD 3 I also͒, the orbital losing an electron has almost pure atomic p character. Then, taking into account the one-photon absorption selection rule of ⌬l = Ϯ 1, l of the Rydberg electron becomes 0 or 2. Then, the symmetry selection rule becomes
For CH 3 I, Eq. ͑4͒ leads to the symmetry selection rule A 1 ↔ A 2 and E ↔ E. Conservation of the total angular momentum leads to an additional selection rule.
Here J and J + are the total angular momentum quantum numbers of the neutral and cation, respectively. Since l =0 and 2, ⌬J of 7 / 2,5/ 2, ... ,−3/ 2 are allowed.
To use Eq. ͑4͒, rovibronic symmetries of the neutral ͑⌫ rve ͒ and the ion core ͑⌫ rve + ͒ must be determined. For the CH 3 I neutral in the ground vibronic state, ⌫ e = A 1 and ⌫ v = A 1 . Hence, ⌫ rve is the same as ⌫ r . For a symmetric top, ⌫ r depends on K quantum number which is the z-͑figure axis͒-component of the total angular momentum, viz., ⌫ r = A 1 ͑or A 2 ͒ for K =3n and ⌫ r = E for K 3n. Hence, ⌫ rve = A 1 ͑or A 2 ͒ for K =3n and ⌫ rve = E for K 3n.
It is more complicated to determine ⌫ rve + for CH 3 I + in the X 2 E 3/2 state because of the presence of the electron orbital, electron spin, and vibrational and rotational angular momenta. Even though use of the double group may be needed due to the half-integral spin, this can be avoided by using K defined in the same manner as in the neutral ͑K = P − ⌺; P and ⌺ are the z-components of the total and spin angular momenta, respectively.͒. It is especially convenient to use the G quantum number introduced by Hougen.
⌳ and l are the z-components of the electron orbital and vibrational angular momenta, respectively. Table VI .
The symmetry of nuclear spin wave function is not thought to change upon electric dipole transition. Since H and D are fermion and boson, respectively, total wave functions including nuclear spin for CH 3 I and CD 3 I must be antisymmetric and symmetric to an odd permutation of identical nuclei, respectively. Because of this restriction, a state with ⌫ rve = A 1 ͑or A 2 ͒ can be combined only with ⌫ ns = A 1 ͑or A 2 ͒ and ⌫ rve = E only with ⌫ ns = E, both for CH 3 I and for CD 3 I. The same also holds for the cations. In the present case, consideration of the nuclear spin symmetry does not introduce additional selection rule, even though a rotational line intensity is affected by nuclear spin statistical weights, which are 8 and 4 for a-and e-type rovibrational species of CH 3 I and 22 and 16 for a-and e-type species of CD 3 I, respectively.
Rotational analysis of the 0-0 band. Rotational energy expression for CH 3 I which is a C 3v prolate symmetric top is as follows: 43 
F͑J,K͒
The literature data for A and B are 5.228 and 0.252 cm −1 , respectively. 44 Rotational energy expression for CH 3 I + in the to the maximum of each K band. Also, abscissa of the calculated spectrum was moved until the best overall match with the experimental data was achieved. It is to be noted that the positions of all the satellite bands accompanying the main 0-0 band observed in the MATI spectrum are in excellent agreement with the calculated positions of the symmetry-allowed K bands. The positions of seven K bands, viz., 0 0 1 , 0 1 0 , 0 1 2 , 0 2 −1 , 0 2 3 , 0 3 −2 , and 0 3 4 ͑ K KЈ notation used͒ lie near the peak top of the main 0-0 band. With the estimated rotational temperature of around 9 K, 26 only K = 0 and 1 levels of the neutral are expected to be significantly populated. Then, ions formed by MATI would be mostly in K + =0, 1, and 2. This is in excellent agreement with our previous analysis of the rotationally resolved MATI-PD spectrum 26 which necessitated incorporation of transitions from these three K + levels. The satellite bands at 45, 75, 104, and 133 cm −1 are due to 0 0 −2 and 0 0 4 , 0 1 −3 and 0 1 5 , and 0 2 −4 and 0 3 −5 , respectively. The excellent agreement between the experimental and calculated K band positions and the fact that only K + = 0, 1, and 2 levels are significantly populated in the main 0-0 band by MATI are partial supports for the validity of the rotational analysis reported previously. It is to be noted that 0 2 −3 , 0 2 5 , and 0 1 −4 transitions, even though allowed by symmetry, are absent in the spectrum. Even though nonappearance of some symmetry-allowed K stacks was reported in previous ZEKE works, 45 ,46 a clear-cut explanation for their absence has not been presented yet. Rigorous calculation of the rotational line intensities by using advanced theories such as an improved spectator model may be a prerequisite for understanding the above phenomenon. In this regard, previous findings that transitions associated with large changes in ͉K͉, even if symmetry-allowed, tend to show weak intensities 45, 46 are to be noted. This suggests the possibility that the satellite band at 45 The rotational energies of the neutrals and cations calculated by Eqs. ͑7͒ and ͑8͒ were eliminated to estimate the ionization energies corrected for the rotational contribution. The results are listed in Table III .
Rotational analysis of other nondegenerate vibrational bands. Since a nondegenerate vibrational state of X 2 E 3/2 has the same vibronic symmetry as the zero-point state, their K levels have the same symmetry as the corresponding levels in the zero-point state. Also, the molecular parameters A, B, and e in the two states will be nearly the same, suggesting nearly the same satellite pattern. As an example, the rotational satellite patterns for the 3 1 bands are shown in Fig. 3 . The same pattern was also observed for other nondegenerate vibrational states.
Rotational patterns of e 1 vibrational bands. Rotational satellite patterns of 5 1 and 6 1 vibrational bands of CH 3 I + are shown in Fig. 4 . As has been mentioned already, these patterns are different from those of the nondegenerate vibrational bands. For a transition to a nondegenerate vibrational state of the cation, application of the symmetry selection rule A 1 ↔ A 2 and E ↔ E results in the K selection rule of K + =3n + 1 for transitions from K = 0 and K + 3n + 1 for transitions from K = 1. When a degenerate vibration in X 2 E 3/2 is singly excited, two degenerate vibronic states A 1 + A 2 ͑or 2A͒ and E are formed. For the 2A state, the K selection rules are K + =3n from K = 0 and K + 3n from K = 1. For the E state, they are changed to K + =3n − 1 from K = 0 and K + 3n −1 from K = 1. The presence of transitions to two different vibronic states results in more densely populated K bands as can be seen in Fig. 4 . Even though we attempted, we have not succeeded yet to analyze these patterns because many factors are unknown, most critical being the magnitude of ev and the extent of Jahn-Teller splitting. In this regard, acquisition and analysis of a spectrum with higher resolution such as a rotationally resolved one-photon ZEKE spectrum would be needed. An alternative may be to record a PD spectrum for the cation prepared in each K satellite by MATI and analyze it. In either case, a thorough computational study on the influence of the spin-orbit and Jahn-Teller interactions will be useful for a reliable analysis of the experimental data.
V. CONCLUSION
An interesting feature in the MATI spectra of CH 3 I + and CD 3 I + was that each vibrational band consisted of several rotational K bands. Judging from the transition energy, seven different ⌬K transitions could contribute to the main 0-0 band of CH 3 I + , generating ground vibronic state cations with K + = −2, −1, 0, 1, 2, 3, and 4. In contrast, only three of these, viz., K + = 0, 1, and 2, had been actually found in the previous high resolution photodissociation study. Even though the symmetry selection rule suggested two transitions, 0 0 −2 and 0 0 4 , for the satellite band at 45 cm −1 , only the former transition might have occurred. Similarly, the satellite band at 75 cm −1 might be solely due to the formation of K + =−3 cations. This suggests an interesting possibility of generating mass-selected, vibronically selected, and K-selected ion beam with decent intensity ͑more than 1200 ions per pulse detected at the peak top of the 0-0 band in MATI of CH 3 I + ͒ by one-photon MATI, which can be useful for the spectroscopic and dynamic studies. High resolution ZEKE or MATI-PD studies, not only for the 0-0 band but also for the fundamentals and overtones, will be needed to determine the K + composition of each band. 
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